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Laboratory investigations of Acer negundo populations
from two widely separated habitats revealed distinct patterns
of ecotypic differentiation in budbursting, leaf fall, and
chlorophyll levels. Second year seedlings of Mississipp
i
seed origin had complete leaf emergence before any evidence
of budbursting in the Ohio progeny of similar age. L
eaf
fall patterns showed a clear difference between the two
populations with Ohio plants dropping their leaves 2.
5 weeks
prior to complete defoliation in the Mississippi prog
eny.
Significant differences in chlorophyll levels were 
demonstrated
with the more northern (higher latitude) Ohio po
pulation
showing consistently greater amounts of chloroph
yll per
gram dry weight than the more southern (lower latitude)
Mississippi population. The chlorophyll differenc
es were
consistent as the individual plants aged during 
the invest-
igation and were also found in comparing first 
and second
year old seedlings. Examinations at the ultr
astructural
level revealed significant differences in the nu
mber of
starch grains per cell section with higher average
s in the
vi
No significant differences were found
between the two populations in wood specific gravity.
INTRODUCTION
In recent years, several plant species that have a
broad geographic ran(je of distribution have been investigated
for the presence of ecotypic differences that might provide
clues to the strategies of survival in differing habitats.
An example of such a species is Acer negundo L. (boxelder),
which has received increasing attention in the past few
years in relation to populational differentiation. Previous
work by Williams and Winstead (1972a and 1972b) on seed
germination and seed size provided evidence that populational
differences were indeed present. Vaartaja (1959) has
demonstrated the presence of photoperiodic ecotypes in
boxelder. Preliminary work with boxelder by Winstead and
Toman (1972) indicated that chlorophyll differences existed
between widely separated populations. Other studies on
Xanthium strumarium by Abdulrahman and Winstead (1977) indi-
cated that chlorophyll levels might be correlated with leaf
chloroplast ultrastructure. Laboratory examinations that
compare different populations have the advantage of eliminating
site variables which might mask genotypic differences. In
the laboratory, the amount of nutrients, light, and water, can
be controlled with each individual plant receiving equal
treatment. Under such controlled conditions, any differences
that appear can be analyzed from the viewpoint that the
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differences are potentially genetic, and not due to site
variables which tend to produce ecophenic responses in a
population.
Since very little information is available which
correlates physiological patterns of plants with ultra-
structure, this study placed e•Iphasis on chlorophyll levels
and potential relationships with lamellar structure and
organization of chloroplasts. Phenological patterns could
also be observed as the plants were maintained in the growth
chambers under controlled environmental conditions.
Only minimal work on Acer negundo has been done at the
level of ultrastructure. Manenti (1975) has demonstrated
the presence of morphologically normal appearing chloroplasts
in the epidermis of a green-white-green chimaera of Acer 
negundo. However, no studies are known that have attempted
to compare ultrastructural differences between widely separated
populations grown under controlled environmental conditions.
Ampofo, Moore, and Lovell (1976) have studied the inter-
actions between cotyledons and leaf pair one in relation to
their photosynthetic contributions to seedling development in




(1976). The regulation of cold
hardiness in boxelder has been examined by Irving and Lanphear
(1968) utilizing gibberillins and growth retardants under
varying photoperiods.
Acer negundo is in the family Aceraceae and has a very_ _
wide geographical distribution extending across North America
to each coast, north to Alberta and Saskatchewan, and south to
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Central America. It is a perennial species with compound
leaves, the mature leaflets pubescent to glabrate beneath.
The flowers are normally unisexual, although the occurrence
of bisexual flowers has been reported (Wagner 1975). The
staminate flowers are pendulous in filiform pedicels, the
pistillate flowers being racemose. Samara fruits develop
as coherent pairs in small clusters.
Boxelder is not economically significant at the present
time, but may prove to be important in the paper industry
in the production of wood pulp. Mature trees are often used
for shade or ornamental purposes.
MATERIALS AND METHODS
Plant material used in this research involved one year
old potted seedlings that were initially available from pre-
vious investigations in the laboratory and seedlings germina-
ted specifically during the course of this study. The avail-
ability of two different age groups of the same population
enabled a comparision of chlorophyll levels between first and
second year plants as well as studying patterns of leaf fall
and budbursting in a comparitively short period of time in the
laboratory. During the course of the study, the older plants
were also examined for possible ultrastructural differences
that might correlate with demonstrated chlorophyll level
differences between the populations.
The seedlings initially available in the laboratory had
been germinated under controlled conjitions during May of 1976.
Randomly selected seedlings were potted in 500 ml plastic cups
at the end of May and were maintained for growth in an
Environator Model E 3448 growth chamber set at a 16-hr
photoperiod with a day-night temperature program of 32-24 C
(12 hr each temperature). Plants were potted in a sandy loam
soil mixture and given Hoaglands solution periodically. On
October 12, 1976, all plants were subjected to a cold program
in order to induce leaf senesence. Growth chambers were
programed to a 12-hr photoperiod with a day-night temperature
4
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range of 27-16 C. On November 1, 1976, the day-night
temperature program was readjusted to 18-10 C while main-
taining the 12-hr photoperiod. Over this time, patterns
of leaf drop for individual plants were noted. Light
intensity in the chambers ranged from 5,382-6,458 lux during
the course of the study.
On January 12, 1977, a warm program was begun in order
to initiate new leaf formation. All plants were subjected
to a 16-hr photoperiod with a 29-18 C temperature regime.
Budbursting patterns for individual plants were noted at this
time. Buds were counted when the first leaf primordium could
be distinguished. This schedule was continued until August 5,
1977, when the program was terminated, and all plants trans-
ferred to the greenhouse, where they were maintained with
periodic watering. Greenhouse light levels recorded at this
time ranged from 21,528-26,910 lux.
To analyze chlorophyll levels of each population, mature
leaves were randomly selected from three individual plants
and combined to make five g of tissue. An additional one g
was weighed and placed in an oven to calculate the dry weight
of plant tissue. The five q of tissue were cut into small
sections and placed in a metal cup with 150 ml of 85% acetone
together with 0.1 g of calcium carbonate. This mixture was
ground at moderate speed in a Sorvall omni mixer for approx-
imately 5 min. The blended tissue was then filtered using
a Buchner funnel with suction and the residue washed with
85% acetone. Fifty ml of the filtrate was transferred to a
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separatory funnel and 50 ml of ethyl ether added. To this
mixture was added 100 ml of distilled deionized water. The
bottom acetone-water layer was then drained and discarded.
In order to remove any residual acetone, four successive
scrubbings were made with distilled deionized water by means





remaining ethyl ether solution containinq
transferred to a 100 ml volumetric flask
volume with ethyl ether. Using a Bausch and
spectrophotometer, the absorbance of the
solution was determined at 642.5 and 660 nm. The chlorophyll
content in mg per g dry wt was calculated following the
Official Methods of Analysis 1.955).
Leaf material was examined from second year plants of
Ohio and Mississippi progeny of Acer negundo in May, 1977 with
the aid of a Zeiss Electron Microscope Model 9S-2. Leaf
sections were taken from three randomly selected plants of
each population and prepared according to the following
procedure. All tiss'ie sections were fixed in 1.5% KMn04 in
a vacuum for 1 hr. The tissue was then washed in 20% acetone
and dehydrated by a 20, 35, and 50% acetone series of 15
minutes each. All material was subsequently stained with 1.5%
uranyl nitrate in 70% acetone for 12 hr before a final de-
hydration in 100% acetone (two 10 minute steps). Dehydrated
tissue was then subjected to increasing concentrations of
Epon 812 in a vacuum, and the sections embedded in 100% Epon.
Samples were cured overnight in a 27 C oven. Thin sections
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were cut using a Reichert Om U2 ultramicrotome and examined
for the presence of chloroplasts.
Studies at the ultrastructural level were concerned
with the relative size and abundance of grana in each
population as well as with any significant morphological
differences inlamellarstructure and organization. Estimations
were also made on the average number of starch grains per
cell section in each population.
In September, 1977, leaf material was sampled, as before,
and prepared using a double fixation procedure. Leaf sections
were fixed in a vacuum for 2 hr in a 2% buffered glutaraldehyde
solution (0.1 M, pH 6.8). All tissues were then rinsed in
a cacodylate buffer (0.1 M, pH 6.8), and post-fixed in a
cacodylate buffered solution (0.1 M, pH 6.8) of 4% osmium
tetroxide (0s0
4
) for 1.75 hr. All material was then dehydrated
through a graded alcohol series to 100% alcohol. Propylene
oxide was used as an intermediate solvent to replace the
alcohol (two 10 minute steps). Sections were embedded in
Epon 812 according to the same procedure used previously.
Fruits of Ohio and Mississippi populations of Acer 
negundo were collected from the field during the fall of
1974 and stored in the laboratory at rcom temperature until
used in the present study. Randomly selected fruits of each
population were embedded in sand and subjected to cold, moist
dark statification at 4 C on October 11, 1976. Seed trays
were checked weekly for dehydration. During this period,
more germination was noted in the Ohio population as compared
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to the Mississippi provence. On January 12, 1977, both trays
were removed from stratification and placed in Environator
Corporation growth chambers Model E 3448 for germination and
growth under controlled environmental conditions. Seeds were
germinated under constant light with a day-night temperature
regime of 32-24 C. Fifteen Mississippi and 40 Ohio seedlings
were potted in 500 ml plastic cups in a 3:2 peat/perlite
mixture on February 16, 1977. All plants were watered as
needed and treated with 30 ml of Hoaglands solution every two
days for the first week and approximately every five days
thereafter. Potted seedlings were subjected to a 16-hr
photoperiod for the remainder of the experiment. Chlorophyll
determinations were made on first year seedlings 107 days old
following the same technique previously mentioned. In August,
1977, leaves from a mature tree of Acer negundo collected
on the campus of Western Kentucky University in Bowling Green
Kentucky, were sampled and analyzed for chlorophyll content.
In February, 1978, the wood specific gravity of Ohio and
Mississippi populations of two year old boxelder was deter-
mined using the maximum moisture content method developed by
Smith (1954). This technique requires only the weight of the
saturated wood sample in air plus its oven dry weight. The
specific gravity of each sample was then calculated using
the following formula developed by Smith:
1
Weight saturated -- weight oven dry 1
weight oven dry 1.53
9
Stamm (1938) has computed the value 1.53 to be the specific
gravity of wood substances. Eight wood samples from each
population were examined and all values obtained subjected
to a statistical analyses using the Student's t-test.
RESULTS
Investigations of chlorophyll levels and leaf chloroplast
ultrastructure revealed distinct patterns of ecotypic differ-
entiation in Mississippi an .1 Ohio plants of Acer gundo.
Analysis of leaf fall and budbursting patterns suggested
additional intrapopulational variation between two widely
separated ecotypes of the same species.
Leaf fall patterns displayed a clear difference between
the two populations with the Ohio plants showing leaf drop
2.5 weeks before the Mississippi population lost their leaves
(Table 1).
An examination of budbursting patterns showed a similar
divergence between populations. Leaf emergence was complete
in all plants of the Mississippi population before any
evidence of budbursting in the Ohio progeny (Table 2). In
addition, Mississippi plants also demonstrated a much narrower
overall range of leaf emergence (16 days) as compared to the
Ohio population (32 days).
In agreement with previous work by Winstead and Toman
(1972), a significant difference in chlorophyll levels was
found between Mississippi and Ohio populations of boxelder.
The more northern (higher latitude) Ohio Populations showed
a consistently greater amount of chlorophyll per g dry wt.
than the more southern (lower latitude) Mississippi populations
10
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of plants (Tables 3 and 4). Also evident was a greater
chlorophyll difference between populations of second as
opposed to first year seedlings of Acer negundo. Leaves
sampled from the single mature Kentucky boxelder showed a
chlorophyll content of 7.38 mg of chlorophyll per g dry wt.
An examination of the leaf chloroplast ultrastructure
of Ohio and Mississippi populations of boxelder revealed
the presence of massive starch accumulation in the majority
of cells observed (Fig. 1). Significant differences in the
number of starch grains per cell section were found between
the two populations among the KMn04 
fixed tissue samples.
A count of 67 cell sections in the Ohio population revealed
an average of 12.01 starch grains per cell section. A
similar count of 77 cell sections in the Mississippi popu-
lation resulted in an average of 9.39 starch grains per
cell section. Statistical analyses of this data showed that
differences between Ohio and Mississippi populations of
boxelder were significant at the 05 level.
Attempts to determine the average number of chloroplasts
per cell section in each population were abandoned because
of the inability to distinguish discrete chloroplast boundaries
in the majority of electron micrographs. In addition, a
comparison of lamellar structure and organization was prevented
by the overriding presence of cellular starch. Starch
accumulation was so severe in the chloroplasts of both popu-
lations that the entire lamellar structure was compressed into
narrow channels surrounding the starch arains (Fig. 2).
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A rather unexpected observation was the marked absence
of grana in the chloroplasts of both populations. Figure 3
reveals an isolated Ohio chloroplast in which an extensive
lamellar system prevades the entire plastid with no detect-
able grana. In Fig. 2, which shows an isolated Mississippi
chloroplast, granal stacking also appears to be lacking. The
huge starch grains have compacted the lamellar system into
a tight array. Elongate dark regions (arrows) may designate
regions of low starch density.
However in two chloroplasts from the Ohio population,
distinct grana and stroma lamellae were observed (Fig. 4).
Starch grains are also noticeably smaller than in the majority
of chloroplasts. The cell wall is plainly visible, and a
proplastid and mitochondrion are seen in an adjacent cell.
An enlargement of one of the chloroplasts reveals the fine
structure of the membrane system (Fig. 5). The double unit
membrane forming the outermost boundary of the chloroplast
is clearly seen. Granal stacking is variable with some
grana consisting of numerous thylakoid discs while others
display only rudimentary stacking. Stroma lamella are
found throughout, and the matrix is evenly granular in
appearance. A high magnification view of a granum in the
above chloroplast shows the continuity between grana and
stroma lamellae (Fig. 6). The inner compartments of the
thylakoid discs are clearly visible (arrows).
An examination of glutaraldehyde-osmium tetroxide fixed
tissue reveals an entirely different ultrastructural
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picture (Fig. 7 and 8). A lamellar system appears to be
absent in all of the cells observed. Figure 11 depicts a
cell from the Mississippi population of boxelder. Chloroplasts
as before are restricted to the periphery and are seen to
be virtually free of lamellae. Starch grains are also
noticeably smaller in size than in previous electronmicrographs.
Giutaraldehyde-osmium tetroxide fixation has also revealed
the presence of rather large osmiophilic granules not
observed in KMn0
4 
fixed tissue samples. These granules are
probably lipid in nature because 0s04 fixation Primarily
preserves lipids while KMn04 does not. Figure 12 exemplifies
the same general ultrastructural appearance although starch
grains are somewhat larger.
A statistical analysis of data obtained from tests on
wood specific gravity revealed no significant differences
between Ohio and Mississippi populations of boxelder (Table 5).
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DISCUSSION
The experimental results have shown consistent differences
between Ohio and Mississippi populations of Acer negundo
which demonstrate survival mechanisms and adaptations to
contrasting habitats. Ohio populations of boxelder exist
in a habitat with a frost free period ranging from 150-180
days (Environmental Sciences Services division, 1968). This
growing season is approximately 80 days shorter than the
habitat of boxelder from Washington county, Mississippi
(Washington county, Mississippi frost free period is recorded
in excess of 240 days.).
Analysis of leaf fall and budbursting patterns can be
correlated with the overall mean climatic conditions in Ohio
and Mississippi. As stated above, the average length of
the growing season is shorter and the mean annual temperature
lower in Ohio than in Mississippi. Therefore an Ohio
population of boxelder has a shorter amount of time in which
to complete its seasonal growth as compared to Mississippi
progeny. In addition Ohio populations must delay budburst
for a longer time period than Mississippi populations to
eliminate the danger of a late frost kill. Likewise Ohio
populations should initiate leaf fall earlier in the year
than respective Mississippi populations in response to the
shorter growing season. Leaf emergence of Mississippi plants
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was rapiLi with only 16 days separating tht2 earliest and
latest individual plants in time of budburst. This probably
reflects a lack of strict temperature control on progeny
from warmer climates with long growing seasons. Ohio plants
showed a much slower response even under the long-day warm
temperature conditions of the growth chamber. The range of
32 days between budbursting of individual Ohio plants may
express a protective mechanism keyed to possible late frosts
in more temperate habitats as southern Ohio.
Significant differences in chlorophyll levels found
between Ohio and Mississippi populations of boxelder parallel
earlier studies on Xanthium stumarium by Abdulrahman and
Winstead (1977). In all plants analyzed a clear latitudinal
differentiation was demonstated with Ohio populations dis-
playing a greater amount of chlorophyll per g dry wt than
the more southern Mississippi progeny.
Since chlorophyll levels were determined over a period
of roughly 15 weeks, differences in the chlorophyll content
of each population could be followed as the leaves aged.
Table 3 shows a contrast in leaf chlorophyll content in
seedlings of Acer negundo only 107 days old. In second year
plants a striking increase in the chlorophyll difference
between populations was apparent as the leaves aged (Table 4).
Even in comparing Mississippi and Ohio leaves of approximately
the same age (9 and 10 weeks respectively), a divergence of
chlorophyll content was evident. Apparently this difference
manifests itself rather early in the life of boxelder and
continues to increase over time.
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During the investigation mg of chlorophyll a and b per
g dry wt of chlorophyll were determined. Ratios of chloro-
phyll a to b were also computed. No significant differences
were found in the ratio of chlorophyll a to b between the
two populations in either first or second year seedlings of
Acer negundo. An average ratio of 2.63 was found in all
plants tested.
Chlorophyll levels apparently are correlated with latitude
and length of growing season with Ohio populations of boxelder
possessing a greater amount of chlorophyll per g dry wt. It
is probable that a shorter growing season would require
greater amounts of chlorophyll in Ohio boxelder to complete
annual metabolic growth than comparible Mississippi populations.
Mississippi plants can proceed at a slower overall rate in
response to longer growing seasons. If this is true then
a population of boxelder between Ohio and Mississippi would
theoretically possess a chlorophyll level somewhere between
the values obtained in Table 4. In all cases the chlorophyll
content obtained for the single mature Kentucky boxelder
sampled in this study (7.38 mg. of chlorophyll per gram dry
weight) lies between the figures listed in Table 4 for Ohio
and Mississippi Acer negundo. While this chlorophyll value
cannot be compared directly with second year seedlings grown
under controlled conditions in the growth chamber, it falls
in a range expected based on latitude of origin.
Studies at the ultrastuctural level have revealed a
difference between Ohio and Mississippi populations of
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Acer negundo which may indicate ecotypic differentiation.
In the majority of cells examined, the starch grains occupied
a large percentage of the entire chloroplast although no
attempt was made to compare the size of starch grains between
populations. A significantly greater average number of
starch grains per cell section was found in the Ohio boxelder
which indicates a higher photosynthetic rate in this popula-
tion. Numbers of starch grains per cell section are not
intended to be used as absolute values and thus do not
represent actual numbers of starch grains in a three dimen-
sional living cell. Studies of this type are limited since
all observations were recorded from two dimensional electron
micrographs and it is possible that the same starch grain
was counted more than once. It is assumed however that
errors such as this are the same in both populations. There-
fore the data indicate relative differences in the amount of
starch per cell in each population and is used for comparison
purposes only. Since there is a decrease in the length of
the growing season with an increase in latitude of origin,
this difference may indicate that the Ohio population is
synthesizing a greater amount of starch per unit time than
the Mississippi progeny.
Observations noting the marked absence of grana in the
chloroplasts of both populations require some explanation.
Recent studies on leaf chloroplasts of soya bean have
established a relationship between the intensity of
illumination and the phenomenon of granal modification.
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Under high intensity illumination it was shown that arana
of the mesophyll chloroplasts were almost completely
obliterated. However granal loss was shown to be reversible.
By returning the plants to low light, granal formation
increased in the same leaves which previously contained
chloroplasts lacking Irana. (Lytteton, Ballantine, and Forde 1971)
This phenomenon of granal modification is also known
to occur in the mesophyll and bundle sheath chloroplasts
of Amaranthus lividus, a C4 plant (Lyttetton, Ballantine,
and Forde 1971). High illumination levels (182,052 lux)
apparently cause excessive starch accumulation resulting
in extreme modifications of the lamellar system. The light
intensities of the growth chambers used in this study (5,382-
6,458 lux) are roughly 30 times less than above yet starch
accumulation is severe and grana virtually absent in the
chloroplasts of both populations tested. Hesketh (1963) found
that in Acer saccharum approximately 12,917 lux were required
to saturate the photosynthetic system. However no data is
available on light saturation levels in Acer negundo. Since
the intensity of illumination needed for light saturation
in Acer saccharum is only 6,997 lux in excess of the light
levels used in this study, this may explain the excessive
starch production in boxelder. The huge starch grains and
granal modification recorded here are not necessarily abnormal
and may simply represent a saturation of the photosynthetic
system. Also boxelder in its natural environment is exposed
to light intensities well in excess of 6,458 lux.
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As stated earlier, glutaraldehyde-osmium tetroxide
fixed samples display a somewhat different ultrastructural
picture as compared to KMn04 fixed tissue (Fig. 7). The
absence of any apparent lamellar system does not seem to
be due to excessive starch accumulation since starch grains
are noticebly smaller than in previous electron micrographs.
This lack of visible lamellae is possibly due to a less than
ideal concentration and/or duration of one or both fixatives.
The large osmiophilic granules which were observed resemble
osmiophilic globuli which are known to occur only in older
chloroplasts (Wyssling 1965). The presence of small starch
grains in addition to osmiophilic granules, possibly globular
in nature, may indicate plastids which are somewhat advanced
in age. Taking into account the fact that the glutaraldehyde-
osmium tetroxide fixed tissue was sampled four months later
than the KMn0
4 
fixed tissue, it is likely that starch accumu-
lated earlier in the year is now rapidly being utilized.
Comparisions of lamellar structure and organization in
the chloroplasts of each population were hampered by the
presence of huge starch grains. In order to study these
differences effectively, excessive starch accumulation must
be prevented. Future studies should include the growth of
Acer negundo under lower light intensities in order to
curtail the photosynthetic rate. Also higher day-night
temperature regimes should be maintained to increase the





(1972) had found an
wood specific gravity showed no significant
the two populations tested. Winstead
increase in specific gravity of secondary
tissue of Liguidambar styraciflua of more northern populations
of that species when the populations were all grown under
controlled conditions. Based on that study, a higher specific
gravity in the Ohio population of boxelder in this investigation
was expected. It is possible that over the entire latitudinal
range of distribution of boxelder, specific gravity differences
would be evident between the extremes and that the two
populations used in this study are simply geographically (and
genetically) too close to exhibit detectable differences.
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Table 1. Number of days for complete leaf drop under a



























A11 plants of the Ohio population except number 5 dropped
their leaves by 35 days.
2
During the observation time, an 11 day period existed
where plants were not checked for leaf drop. Four plants
of the Mississippi population lost their leaves at this
time.
22
Table 2. Number of days required for leaf emergence under
a 16-hr photoperiod at 29-18 C.
OHIO MISSISSIPPI
Plant Days Days Plant Number Days
1 37 4 20
10 38 17 22
8 39 1 24
5 42 14 24
7 46 3 28
6 49 7 28
3 52 20 28
9 62 19 28
2 69 2 31
4 -- 9 36
23
Table 3. Chlorophyll levels in first year seedlings of








Seedlings were subjected to a 16-hr photoperiod with a
day-night temperature range of 32-24 C.
2
Each represented by 5 g of leaf tissue selected randomly
from 3 plants.
24























Plants were subjected to a 16-hr photoperiod with a 29-18 C
temperature regime.
Age of leaves in weeks represents an average value taken
from three randomly selected plants of each population.
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Table 5. Wood specific gravity in two year old plants of





Plant number Plant number Specific Gravity
1 .4815 1 .4841
3 .5059 .7 .5001
5 .5281 3 .4476
6 .5202 4 .4991
7 .5219 7 .5332
8 .4492 9 .4839
9 .4535 17 .5562
10 .4599 19 .5213
Mean .4900 Mean .5032
1
Statistical analysis showed no significant differences in
wood specific gravity between the two populations.
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Figure 1. Electron micrograph of leaf cells from a second
year plant of Ohio boxelder showing chloroplasts
(Chl) in the cell periphery. Large white starch
grains (SG) are easily distinguished. The cell
wall (CW) is shown. (ML) may represent inter-
cellular space. Fixation in 1% KMn0
4 
in a vacuum







Figure 2. Electron micrograph of an isolated leaf chloroplast
from a Mississippi population of Acer negundo.
Huge starch grains are seen with arrows possibly
indicating regions of low starch density. Lamellae
(L) are apparent although grana seem to be lacking.
Fixation in 1.5% KMn0
4 
in a vacuum for 1 hr. X
22,500.
Figure 3. Electron micrograph of an Ohio leaf chloroplast of
Acer negundo. An extensive lamellar system is__—
seen throughout, with no detectable grana. Starch
grains are scattered in the lamella. Fixation in
1.5% KMn0
4 




Figure 4. Electron micrograph showing two leaf chloroplasts
from Ohio boxelder. Grana (Gr) and stroma lamellae
(SL) are seen, together with scattered starch qt7.11ns.
A proplastid (Pp) and mitochondrion (Mi) are shown
in an adjacent cell near the cell wall. Fixation
in 1.5% KMn0
4 




Figure 5. Electron micrograph of one of the chloroplasts in
Figure 5 showing the double unit membrane (OM,
outer membrane; IM, inner membrane), grana and stroma
lamellae, and the thylakoid discs (Th). The matrix of
the stroma (S) is evenly granular in appearance.
Fixation in 1.5% KMn0
4 






Figure 6. High magnification electron micrograph of a single
granum from an Ohio population of Acer negundo
showing the thylakoid discs and the stroma lamellae.
Arrows designate the inner compartments of the
thylakoid. Fixation in 1.5% KMnO4 in a vacuum for




Figure 7. Electron micrograph of an isolated leaf cell from
a Mississippi population of Acer negundo. Large
osmiophilic granules (Os. Gr.) and relatively
small starch grains are seen in the chloroplasts.
Lamellae appear to be absent. Fixation in 2%
glutaraldehyde and 4% osmium tetroxide X 7,200.
Figure 8. Electron micrograph of an isolated leaf cell from
a Mississippi population of boxelder showing os-
miophilic granules and starch grains. Fixation
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